(Editor: Vernon Heywood)

1. Introduction {#sec1}
===============

The Valencian Community is located at the eastern part of the Iberian Peninsula in the western Mediterranean (SW Europe) ([Fig. 1](#fig1){ref-type="fig"}). It covers a surface of 23,255 km^2^ and occupies a long and narrow territory aligned on a north--south axis with 430 km of coastline. The region is characterized by a high diversity of geological substrates, soil and vegetation types with extensive plains, beaches and wetlands in the coastal zone and high mountains with elevations over 1800 m. Its climate is also much diversified, with annual mean temperature between 9 and 19.5 °C and rainfall ranging from (180) 240 to 750 (980) mm, which results in a high bioclimatic diversity ([@bib11], [@bib1]). It has a population of approximately 5 million (2016 data) with 214 habitants/km^2^, although very irregularly distributed: the population concentrates in the coastal zones of the central and southern areas, whilst inland and northern areas are almost deserted.Fig. 1Location of the Valencian Community and map of the region showing the distribution of the PMR (white circles) and NP (dark gray areas). 45 PMR selected for the study of the improvement of floristic knowledge are highlighted with a black dot inside the white circles.Fig. 1

The Valencian Community is one of the richest botanical territories of Western Europe and a biodiversity hotspot of Mediterranean flora ([@bib26], [@bib40]). At least 2696 species of native vascular plants grow here ([@bib38]), including 399 endemic Spanish vascular plants, 70 of which can be considered strictly Valencian endemics. In addition, its flora has an outstanding concentration of relict plants, mainly from the Tertiary, as well as significant numbers of Eurosiberian and Saharo-Sindic species, due to the fact that the Valencian territory acted as a refuge for these taxa during glaciations.

Plant richness in Valencian region is not homogenously distributed. In fact, around 97% of endemics occur on rocky grounds or open shrublands, and, approximately, 65% of them grow in microhabitats (i.e., dunes, salt lagoons, coastal cliffs, petrifying springs, temporary ponds, relict forest, etc.), almost always as small patches. These facts make protection of this plant heritage with traditional schemes challenging, since the regional network of Natural Protected Areas was designed with much broader conservation goals (fauna, geology, landscape, ethnological peculiarities, etc.). Thus, to answer for the conservation needs of Valencian plants the Regional Wildlife Service developed a pioneering initiative for the *in situ* protection of plant diversity in the early 90\'s. It consisted of a network of small (\<20 ha) legally protected sites to ensure the conservation of selected populations of endemic, rare or endangered plants as well as natural habitats. They were named Plant Micro-Reserves (PMR) and conceived as a complement to large protected areas in their role to preserve biodiversity, rather than as an alternative or parallel scheme. In this respect, it is worth noting that a significant number of PMR are established within Natural Parks. The main legal and technical issues of Valencian PMRs have been summarized by [@bib29], [@bib30], [@bib31] and [@bib24] and also, an extensive analysis of the controversial debate regarding the optimal size for nature reserves (single large or several small) is developed in [@bib28].

The first PMRs were declared in 1998 and since then the network has gradually increased to 300 sites by the end of 2016, widely scattered across the region ([Fig. 1](#fig1){ref-type="fig"}). The whole network covers now 22.9 km^2^, somewhat less than 0.1% of the regional surface. Despite the small surface covered, the Valencian PMR network includes populations of 1761 native vascular plants up to subspecies level (65.3% of total native flora). But, PMRs can also be an excellent tool for the conservation of other groups of species, like cryptogams. In fact, in the Valencian Community, PMR for bryophytes ([@bib16]) or lichens ([@bib5], [@bib13]) have also been proposed and some declared PMR include some of these organisms among their priority species.

PMR philosophy has extended and its protection model is currently being adapted to other Spanish regions ([@bib47], [@bib46], [@bib15], [@bib8], [@bib9]) as well as by several European countries, such as Slovenia (Karst Regional Park; [@bib49]), Bulgaria ([@bib42]), Cyprus ([@bib20]), Greece ([@bib50]) and Italy (Aeolian Islands, Sicily; [@bib51]), in most instances with economic support of the EU\'s LIFE-Nature program. Additionally, in its widest meaning of small nature reserves for plant conservation, the Valencian model has fostered initiatives in Mexico ([@bib18]), Southern Brazil ([@bib33]), Crete ([@bib52]) and Turkey ([@bib7]). Beijing Municipality has also drafted a project inspired by PMRs whose objective goal is to create small natural reserves for the protection of natural areas within megacities ([@bib58]).

On the other hand, a recent evaluation of the accomplishment of targets 2 (full species conservation assessment) and 7 (*in situ* and *ex situ* conservation of threatened plants) of the Global Strategy for Plant Conservation (GSPC) by Spain, highlights the role of PMRs as an effective means to achieve the 75% threshold of threatened flora preserved *in situ* ([@bib41]). Not in vain, the European Plant Conservation Strategy ([@bib48]) specifically recommended PMRs as useful tool for site protection. However, their effectiveness regarding plant conservation still needs to be checked ([@bib41]).

During the nearly 25 years since the creation of protection figure and almost 20 years since the declaration of the first PMRs, a large amount of floristic data and abundant results on *in situ* conservation activities have been obtained. Thorough analysis of all this information will make it possible to establish the efficiency of the PMRs as a figure of territory protection for passive conservation of endemic and threatened plants. They also represent natural plots where the biological monitoring and active conservation management can be developed. However, this global analysis would be too lengthy and diverse for a unique paper.

On the other hand, the floristic knowledge of any region is a fundamental tool for plant conservation. Although the flora of the Valencian Community is well known, new populations of plant species are discovered periodically, and new species are even described. Therefore, any project, program or initiative that contributes to improving knowledge of regional flora should be valued positively.

Large protected areas attract researchers and naturalists, providing feedback on biodiversity values ([@bib32], [@bib43]). Nevertheless, this relationship is less intuitive when the focus is placed on small protected areas, especially when they are poorly advertised and there is a lack of public use infrastructures ([@bib53]). Because of their small size, PMRs represent a unique opportunity to assess the role of small protected areas in improving knowledge of biodiversity.

Thus, as part of a larger evaluation effort, the aim of this paper is to present an assessment of this protection figure answering three main questions about passive conservation: (1) Does the PMR network shelter specially endemic or threatened species? (2) Are PMR better suited for plant conservation than Natural Parks? and (3) Is the PMR network useful to improve the knowledge of regional floras?. Solving these questions will help answer what is asked in the title about the utility of the PMR protection model to preserve threatened flora in China.

2. Materials and methods {#sec2}
========================

In order to assess if the PMR network provides enough passive protection to endemic or threatened plant species of the Valencian region and to compare its efficiency with that offered by Natural Parks (NP) in the Valencian Community, the number of vascular plants with at least one population in each network has been recorded using available floristic data from the Biodiversity Databank of the Valencian Region (BDBCV, <http://bdb.cma.gva.es>, updated October 2016). The Valencian Community has a network of 22 natural parks covering 164,571 ha ([Fig. 1](#fig1){ref-type="fig"}) established since 1986 ([@bib27]). The characteristics of most of these protected areas have been described by [@bib6].

The classification of endemism proposed by [@bib23] has been used: Type A: Strict endemic species of the Valencian region; Type B: Spanish endemics with global distribution centered in Valencian region, as well as extremely rare endemic plants shared with neighboring Spanish regions; Type C: Widely distributed Iberian endemics, but mostly only to be found in the Eastern part of the Iberian peninsula (Ibero-Levantine endemic plants).

Threatened species correspond to the legal categories of Decree 79/2009 ([@bib3]), updated by Order 6/2013 ([@bib4]): IDE, in danger of extinction; V, vulnerable; PNC, protected but non-cataloged; M, monitored species.

Finally, to evaluate if the PMR network improves floristic knowledge, both in the protected area itself and its surroundings, 45 PMR have been selected attending to the following criteria: (1) over 95% of its surface is included in a single 1 × 1 km UTM grid, (2) no PMR are present in the contiguous 1 × 1 km UTM grids to the North and South ([Fig. 2](#fig2){ref-type="fig"}), (3) the territory they cover is ecologically uniform and (4) the PMR is located in a floristically well-known territory (with over 500 species recorded in the 10 × 10 km UTM square according to the values of floristic richness provided by the BDBCV). For each selected PMR, the number of species present in the grid containing the PMR (UTM-PMR), in the adjoining grids with no PMR (UTM-no PMR) and in the 3 grids jointly were consulted in the BDBCV.Fig. 2Graphic representation of the procedure used for the analysis of floristic richness in 3 adjacent UTM squares of 1 × 1 km. PMR is represented by the black square.Fig. 2

Thesaurus for floristic richness (total number of species) of the Valencian Community follows [@bib38]. Nomenclature also follows that used by these authors, whom mostly utilized the nomenclature criteria of Flora iberica ([@bib10]) and Flora Valentina ([@bib39]).

3. Results and discussion {#sec3}
=========================

The original goal of PMRs was to incorporate populations of endemic plants. Accordingly, a high percentage (77%) of Spanish endemics present in the Valencian region has at least one population in the network ([Table 1](#tbl1){ref-type="table"}). However, the representation of each type of endemics shows important differences, with strict Valencian endemics (type A, 93%) being the best represented in the network, followed by those shared with neighboring regions (type B, 88%).Table 1Surface and total species count of the Valencian Community (VC), Plant Micro-Reserve (PMR) and Natural Park (NP) networks. Representativeness of endemic and threatened plant species in the VC and in each type of protected areas. Percentage of each category is shown in parenthesis. VCTPS = Valencian Catalog of Threatened Plant Species. For the other acronyms see materials and methods.Table 1VCPMRNPNumber of areas30022Area (ha)2,330,5002291 (0.1%)164,571 (7.1%)Total species33251949 (58.6%)2327 (70.0%)Total native species26961761 (65.3%)2032 (75.4%)  **Endemicity** Type A7066 (94.3%)50 (71.4%) Type B9385 (91.4%)71 (76.3%) Type C236160 (67.8%)149 (63.1%) **Total Endemics**399311 (77.9%)270 (67.7%)  **Protection categories** In danger of extinction3521 (60.0%)17 (48.6%) Vulnerable5035 (70.0%)22 (44.0%) Total VCTPS8556 (65.9%)39 (45.6%) Protected but not cataloged14262 (43.7%)49 (34.5%) Monitored163106 (65.0%)101 (62.0%)**Total protection categories**390224 (57.4%)189 (48.5%)

Representativeness of threatened species within the PMR network is lower than endemic. 66% of Cataloged taxa are represented by one or more populations. This proportion is slightly lower for all protected species (57%). The low success of the network regarding inclusion of endangered species could be put down to the initial focus on endemics ([@bib14]) and because the rarest species grow in a very restricted range of sites, frequently on private grounds, where PMRs cannot be established against a landowner\'s will. In this respect, it is worth noting that forest lands under private management are larger (55%) than those under public steward (39%) or unknown ownership (6%).

Nevertheless, the ability of the PMR network to incorporate species in the most relevant categories for conservation (endemic and threatened plants) is clearly higher than that of Natural Parks (NP). In this respect, the percentage of species within each category found in the NP network as a whole is consistently lower for an area 70 times larger and despite the fact that its tally of species is higher ([Table 1](#tbl1){ref-type="table"}). Differences are particularly significant regarding endemics with restricted ranges (A and B types) and species protected by the Valencian Catalog of Threatened Plant Species (In danger of extinction and vulnerable). Therefore, PMR (small-scale reserve) in conjunction with NP (large-scale) allow the inclusion of relevant endemic and threatened species in a global network of protected natural areas, underlining the complementary role of these two schemes and its validity for plant conservation, but also for wild crop relatives, potentially important species from an economic perspective, etc. ([@bib28]).

With regard to improvement of floristic knowledge, comparison in contiguous 1 × 1 km UTM squares proves that more species are recorded in the UTM-PMR grid than in the adjacent ones. The species average count in UTM-PMR is significantly higher than that of UTM-no PMR, but significantly lower than the average richness for the 3 grids altogether (3 km^2^) ([Fig. 3](#fig3){ref-type="fig"}). In fact, most PMR-UTM grids show the highest floristic richness and, consequently, contribute most significantly to the total flora count of the 3 grids. In order to confirm that PMR-UTMs are better studied from a floristic perspective, with a greater number of species recorded, than the two adjacent grids, PMRs have been plotted according the difference between the number of species recorded in the PMR-UTM and in each of the other 2 grids (UTM-N and UTM-S). The PMR concentration in the positive quadrant for both axes (67%) confirms that grids containing PMRs are better studied from a floristic point of view than any of the adjacent two ([Fig. 4](#fig4){ref-type="fig"}). In some cases, the differences exceed one and even two hundred species. On the contrary, only 5 PMRs show floristic differences of this magnitude in the negative part of both axes. Thus, this analysis highlights the fact that PMRs act as focal point for floristic studies and contributes in a very significant way to the floristic knowledge of a more extensive territory.Fig. 3Average species richness for PMR-UTM, UTM-no PMR (considering N and S UTM grids independently) and of the 3 grids combined (PMR + N + S). Error bars represent confidence interval at 95% level.Fig. 3Fig. 4Scatter plot of PMR according to the differences between the number of species cited in the PMR-UTM and each of the 2 adjacent grids (X = PMR-S UTMs; Y = PMR-N UTMs).Fig. 4

Progress in the quantitative knowledge of vascular flora in PMRs and their surroundings also allows to discover new populations of species not previously recorded when they were declared. Since the passing of Decree 70/2009, intensive search of potential habitats has been carried out to locate new populations of threatened species. As a result, 223 new populations of Cataloged and other priority endangered species have been found. Given the differences in the territorial extent between both samples (inside and outside of the PMR network), the results are as expected: more new populations have been located outside the PMR network; however, the percentage within of this network is much higher than its area representation ([Table 2](#tbl2){ref-type="table"}). When this variable is considered, 0.02 populations/km^2^ have been discovered outside the PMR network, whereas inside this network this figure rises to 3.49 populations/km^2^.Table 2New populations of priority species discovered inside and outside the PMR network. For data outside the network the BDBCV was searched for floristic records since 1998 (year of declaration of the first set of PMRs). Floristic data within PMR have been provided by the plant officers of the different provinces.Table 2New populationsOutside PMRInside PMRIn danger of extinction54522 (4%)Vulnerable16915217 (10%)Protected but not catalogued33627561 (18%)**Total**55947980 (14%)

4. Conclusions {#sec4}
==============

As indicated by [@bib21], the Valencian model of PMRs can be successfully exported to other territories, adapting their main characteristics to the legal framework of each region or country. Despite the enormous differences in size and diversity between the Valencian Community and China or its different regions, this model could help solve some problems found in the protection of Chinese endangered plants. On one hand, China shows significant gaps in the protection of wild flora ([@bib57], [@bib35], [@bib36]), particularly regarding species affected by recent anthropogenic developments ([@bib59], [@bib12]). On the other hand, the Chinese system of protected areas cannot afford enough protection to a significant amount of narrow area endemics as well as to species occurring in restricted and scattered sites ([@bib36], [@bib37], [@bib59]). Although a project on Conservation of Plant Species with Extremely Small Populations (PSESP) is being developed by the Chinese State Forestry Administration, it could be unable to provide enough protection for these species ([@bib45]). The results have shown that PMRs are highly effective in protecting narrow species in Valencian Community. In fact, [@bib54] has recently proposed the PMR as a tool to conserve PSESPs. The protection of the endemic Chinese flora, with around 17,000 species (over 50% of the estimated species of vascular plants), including a large part of narrow endemics ([@bib19], [@bib34], [@bib55]) is of paramount importance. So, the strategy of setting up PMR for plant and habitat protection could be highly recommendable.

As mentioned above, the protection model named PMR has been adapted to other regions and countries and nowadays cannot be considered as a homogeneous concept, but a family of types of protected areas in active growth and diversification ([@bib24]). The procedure of legislation in Valencian model is based in Decree 218/1994 of the Valencian Government ([@bib2]). It confers PMRs a permanent status and provides a high level of legal protection to plants and substrates, while allowing traditional activities compatible with plant conservation. In fact, some of them, such as cattle raising, grassland harvesting or vegetation clearing, etc., are even favored when species of conservation concern require open ground to survive. However, each PMR is independently declared by Order of the regional Department of Environment, including its geographical delimitation, a description of features generating the interest of the area (plant species and habitats), the specific management plan (main actions for the investigation and conservation of target element), the special limitations, etc. PMRs are declared on government-owned or public land, but also on private land at the request of their respective owners (private, NGOs or city councils). This entire legal frame guarantees the protection of natural plots to ensure the biological monitoring and conservation management. It is important to expose that the main aim of PMR network is not to preserve the species, but to protect their study and active conservation. More information on the procedures to select, landmark and management can be found in several books and articles published by Laguna ([@bib22], [@bib24], [@bib25], [@bib26], [@bib30], [@bib31]).

The Chinese network of natural protected areas (see [@bib60], [@bib57], [@bib17]) is complex and made up of 3078 Chinese Nature Reserves and National Nature Reserves. However, only 155 are mainly devoted to plant protection ([@bib17]). These authors ---who set a threshold for small reserves at 50 km^2^--- show that only 91 small Nature Reserves and 4 small National Nature Reserves are devoted to plant protection, totaling 1328.97 km^2^ (average size 13.98 km^2^ per reserve). In this respect, the average size of Valencian PMRs is 7.63 ha, and the maximum size of a PMR is 20 ha (=0.2 km^2^) by law. Considering the size scale of [@bib17], Valencian PMRs could be considered \'extremely small nature reserves\'. Comparing the size of the Valencian region (23,305 km^2^) with that of China (9,596,960 km^2^), a similar model of plant protection would consist of 120 × 10^3^ PMRs. Obviously, such an intense effort to protect wild plant populations cannot be afforded by the national administration, but regional and local governments could develop *ad hoc* figures, able to be managed at local scale. In addition, the fast economic development of China make difficult to set up large reserves, especially in eastern China where the population in concentrated. The network of roads and train and the urbanization processes have been expanded at an impressive rate. Thus, a strategy of setting small reserves seems to be specially suited for the Chinese case. And its combination with the Nature Reserves, which cover a relative large percentage of China, approximately 15% of its total land area ([@bib56]), may produce good results like those obtained in Valencian Community.

Finally, as shown in this paper, the declaration of PMRs can foster knowledge of plant diversity and the discovery of new populations of endangered species. This is especially important for China, where it is estimated that at least 2000 species are awaiting to be described ([@bib44]). In addition, the floristic knowledge is still very poor in many areas, especially in the mountainous western parts of China. Therefore, the establishment of the Valencian model could significantly improve Chinese plant knowledge while providing effective protection to its rich plant heritage.
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